Abstract
In a similar mouse model, physiological endometrial hypoxia 162 and decreased HIF-1α, occur during bleeding while maintenance of the mice under hyperoxia 163 during menses both decreases HIF-1α induction and delays repair (Maybin, et al. 2018 ). In a unique 164 approach, Jemma Evans proposed that as repair occurs in the presence of menstrual effluent, this 165 fluid would contain repair factors. Application of menstrual fluid to in vitro endometrial wound 166 models dramatically enhanced re-epithelialization. Differential proteomic analysis of menstrual 167 serum versus blood serum (collected at the same time) identified both unique and upregulated 168 proteins in menstrual serum. These included proteases, anti-proteases, antimicrobials and factors 169 protective against stress, along with others that could be predicted to facilitate post-menstrual repair.
170 Indeed, a number of the identified proteins were functionally active in promoting endometrial repair 171 in vitro (Evans, et al. 2018 ).
172 Abnormal uterine bleeding 173 Abnormal uterine bleeding (AUB) is a major issue for women and their families. In women using 174 long-acting progestin only contraceptives (such as the implantable Implanon and the impregnated 175 IUD, Mirena), AUB primarily takes the form of irregular spotting. However, such irregularity is the 176 major reason for women discontinuing these very effective contraceptives. With support from the 177 World Health Organisation, we and others, investigated the mechanisms underpinning this bleeding.
178 One cause identified was inadequate control of MMP actions by different mechanisms: local 179 disturbance of TIMPs and excessive leukocyte activation (Vincent, et al. 1999 , Vincent, et al. 2000 . 180 Regrettably, clinical trials of treatments for frequent and/or controlled bleeding in women using 181 Implanon, based on this knowledge (Weisberg, et al. 2006 (Weisberg, et al. , 2009 , showed that while mifepristone 182 combined with ethinyl estradiol or doxycycline (which inhibits MMP action) was effective in 183 stopping a specific bleeding episode, it showed no improvement in subsequent bleeding episodes.
208 implantation sites in mice on day 4.5 of pregnancy, just when the blastocyst was first in contact with 209 the endometrium. Five of the transcripts identified encoded proteins which were further investigated: 210 (Nie, et al. 2000b ), MNSFβ (Nie, et al. 2000a ), the High temperature resistant protein A3 (HtrA3; its 211 first identification) (Nie, et al. 2003a ), pro-protein convertase 5/6 (Nie, et al. 2003b ), splicing factor 212 SC35 and Calbindin d9k (Nie, et al. 2000b ). Knockdown or inhibition of four of 213 these demonstrated that they were each essential for implantation in mice: all but calbindin d9k were 214 similarly expressed in receptive human endometrium: due to evolution, in women calbindin 28k 215 most likely performs the same role (Luu, et al. 2004 ). PC6 and HtrA3 are both proteases and 216 identification of their specific substrates has provided insight into pathways essential for 217 implantation, potential targets for contraception, and a potential use in identifying receptive 218 endometrium (see below). 219 A key role for cytokines in implantation was first demonstrated in leukaemia inhibitory factor (LIF) 220 null mice which exhibited failure of implantation (Stewart, et al. 1992 ). Interestingly, extension of 221 this work to human implantation, showed that while LIF contributes to receptivity in women, it is not 222 essential (Paiva, et al. 2009 ). Indeed treatment of infertile women with LIF failed to improve 223 implantation rates (Brinsden, et al. 2009 ). We further established that another related cytokine, 224 interleukin (IL)11, whose receptor (R), as for LIFR, is present on endometrial epithelium, and also 225 plays a role in implantation, regulating the adhesiveness of primary endometrial epithelial cells, 226 likely though upregulation of both flotillin-1 and annexin A2 (Yap, et al. 2011) , which are 227 themselves proposed to be essential for implantation. Furthermore, IL11, IL6 fibroblast growth 228 factor (FGF)2, CXCL10, vascular endothelial growth factor (VEGF) and granulocyte-macrophage 229 growth factor (GMCSF) are all regulated in endometrial epithelium by blastocyst-derived human 230 chorionic growth factor (hCG) (Licht, et al. 2001 , demonstrating the importance 231 of the blastocyst signalling in establishment of pregnancy. IL11 is also one of a number of cytokines, 232 including activin A, that drive decidualization via different pathways (Menkhorst, et al. 2010 ). 420 The inhibitors used were effective and clearly reached the mouse endometrium via a "first pass 421 effect' from the vaginal circulation. Whether this would also be the case in women is not known: 422 progestins which are of very low molecular weight, can be delivered via the vagina. We now 423 anticipate that delivery of inhibitors via exosomes/nanoparticles with target specificity to 424 endometrial epithelium (a current major interest of ours) may provide a solution to local delivery.
425 A major advantage of targeting the endometrium, is that it is shed in each menstrual cycle and thus 426 actions of inhibitors in one cycle would not be maintained and hence not be systemically harmful. Lois has a passion for training young scientists, with a number of her trainees subsequently developing highly productive careers. Some now hold professorial appointments worldwide.
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This life has been a privilege and a joy -who could ask for more. . The early stages of human implantation. The unhatched blastocyst enters the uterine cavity, where it sheds the zona pellucida, and undergoes further development as it becomes apposed to the uterine surface. At this time decidualization is initiated close to the blood vessels from which macrophages and uterine natural killer cells are attracted into and through the endometrium along a chemokine gradient. The microenvironment within the uterine cavity (including soluble factors and extracellular vesicles secreted from both the epithelium and trophectoderm) promote phenotypic changes in both apposing cell types, necessary for implantation. Changes in adhesive properties enable blastocyst attachment to the endometrial epithelial surface, which is undergoing a partial epithelial to mesenchymal transformation -the reduced polarity enables trophectodermal cells to penetrate the epithelial surface, under which they form a syncytium; some cells escape to invade the blood vessels which they transform. M; macrophage, NK; uterine natural killer cells, bv; blood vessel.
254x190mm (96 x 96 DPI) Figure 3 . The total secretome of the ECC1 cell line (representative of endometrial epithelial cells), comprises both a soluble proteome and a proteome contained in secreted exosomes. These proteomes were analysed following incubation of the ECC1 cells under conditions representing the proliferative (estrogen) and the secretory (estrogen plus progesterone) phases of the menstrual cycle. The Venn diagrams clearly establish that while there are proteins in common between the two proteomes, the majority of proteins are specific to either the soluble or exosomal compartments. There were also many protein differences between the two hormonal treatments (modified from Greening et al, 2016b).
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